The aim of this clinical investigation was to compare the efficacy of fluoride varnish and potassium nitrate on the reduction of hypersensitivity of prepared teeth both pre and post cementation. Materials and methods: In this randomized clinical trial, patients who needed at least three single crowns fixed partial prosthesis were included. Two desensitizing agents including fluoride varnish and potassium nitrate were used in this study and compared to the control group (sterile saline). In each patient, each prepared tooth was randomly assigned to one group. The desensitizing agent was applied on prepared teeth immediately after tooth preparation. The sensitivity of the teeth was measured by means of an air sensitivity test based on the visual analog scale at five different time points: baseline (2 hours after preparation), 7 days after preparation, before cementation, after cementation and one-week post cementation. Data were analyzed by Kruskal-Wallis and Friedman tests with a significant level of 0.05. Results: Overall 300 vital abutment teeth needed full crown coverage in 100 patients were included. Both desensitizers' agents decreased the sensitivity of vital abutment teeth compared to the control group at every time intervals except at baseline (p = 0.089). There was no significant difference between fluoride varnish and potassium nitrate in the reduction of pre-cementation sensitivity while one week after cementation, sensitivity was more relieved by potassium nitrate compared to fluoride varnish (p = 0.023). Conclusion: The application of both desensitizers is effective in sensitivity reduction of vital abutment teeth. Potassium nitrate, however, is more eligible one week after cementation compared to fluoride varnish. Clinical significance: Both potassium nitrate and fluoride varnish are capable of desensitizing prepared tooth for the fixed partial denture.
IntroductIon
T ooth hypersensitivity is characterized by an ambiguous (nonspecific) or specific, intermittent or continuous transient and sharp pain originated from exposed dentin in response to external stimulations such as chemical, thermal, osmotic, dehydrating or tactile stimuli. 1, 2 Clinical experiences show that most of the patients report hypersensitivity after preparation of vital teeth for the fixed prosthesis, which is probably due to the connection between external environment and dental pulp that causes the movement of intratubular fluid and the stimulation of pulpal nerve. 2 The removal of enamel and reduction of dentin thickness which occur during tooth preparation result in an increase in the amount of dentin permeability and pulp irritability. By crown preparation, approximately 1-2 million dentinal tubules are exposed and it increases the possibility of sensitivity. 3 A host of theories have sought to explain tooth hypersensitivity. Today the most widely accepted theory on tooth hypersensitivity is the hydrodynamic theory. This theory suggests that a rapid change in tubular fluid flow in response to various stimuli results in stimulated bar receptors and, consequently, the nerves become depolarized. 4 It has been reported that 15% of prepared teeth for fixed prosthodontics become sensitive 5, 6 while in about 5% of the cases necrosis of the pulp occurs. 7 An alternative treatment for hopeless teeth is to restore with dental implants 8, 9 which sometimes needs bone grafting and alveolar reconstruction. [10] [11] [12] [13] The relief of tooth hypersensitivity could be achieved by either natural or therapeutic desensitization. Hypersensitivity mainly decreases with time due to the tooth natural desensitization process. Salivary proteins cover the outer surface and plasma proteins cover the inner surface of dentin, and they seal the dentin tubules. 14 Therapeutic desensitization methods for alleviation of tooth hypersensitivity include sealing the dentinal tubules by using materials such as Ions, salts, dentin sealer, and protein deposition, nerve depolarization prevention by using substances such as Potassium nitrate, the use of anti-inflammatory drugs, and gingival grafts. [15] [16] [17] [18] [19] Varnish fluoride is usually applied on tooth surface (especially on demineralized surfaces) to prevent or arrest dental caries. In addition, it has been demonstrated that fluoride varnish by sealing dentin tubules prevents tubal fluid flow and causes a decrease in tooth hypersensitivity. 20, 21 This material exerts its desensitizing property very fast, and its application is easy and cost-effective as well. 22 Unlike other desensitizing materials, Potassium Nitrate is a substance which does not seal the tubules. It affects dental nerves and increases the nerve stimulation threshold directly by raising extracellular K + concentration 18 and prevents the entrance of sodium ions into the nerve and stop nerve repolarization (action potential). In addition, potassium causes vasodilatation and decrease neuropeptides such as calcium gene-related peptide (CGRP) release in response to pulpal nerve stimulation. So a stronger stimulus is needed to transmit nerve messages. 23 Previous studies demonstrated the ability of potassium nitrate and sodium fluoride in the reduction of tooth sensitivity. 2, 20, [24] [25] [26] None of these two materials had superiority for the treatment of tooth hypersensitivity. 22, 27 As following vital tooth crown preparation, the dentinal tubules are exposed, desensitizing materials might show a different ability compared to the case of none prepared hypersensitive teeth. It is the clinician's job to predict the sequence of treatment outcome. 28 Randomized clinical trials are necessary for evidence-based clinical decision making. 29 Hence, the aim of the current study was to evaluate and compare the efficacy of potassium nitrate and fluoride varnish in reducing the sensitivity of vital prepared teeth for fix partial denture (FPD) abutment.
MAterIAls A n d M e t h o d s
This study was conducted as a double-blind Paired Parallel Design Randomized Controlled Trial according to CONSORT 2010. The study protocol was approved by the ethical committee of Islamic Azad University, Iran. The patients included were given full information and signed informed consent. Patients were recruited from those who referred to the dental branch of Islamic Azad University, Iran in 2016.
The inclusion and exclusion criteria for the study are presented in Table 1 . A sample size of 25 patients was calculated to detect a mean difference of 1 (±1.25) point with 80% power and α equals 0.05.
Tooth Preparation
Selected teeth were prepared for a metal-ceramic restoration (shoulder bevel finishing line on the buccal and a chamfer finishing line on the lingual surface) following standard procedure 30 under local anesthesia (lidocaine 2%+ epinephrine 1/100000). No effort was done to remove or alter the smear layer. After tooth preparation and impression taking, 3% potassium nitrate (Kimia, Tehran, Iran) was applied to one randomly selected abutment teeth and Fluoride varnish (Bifluride 10, VOCO, Germany) was applied on another randomly selected abutment according to the manufacturers' recommendations, while only sterile saline was applied on the third abutment using cotton brush (control group). Randomization was done using permuted blocks (by A.A). The teeth number and allocated group were recorded, and the patient did not know the type of material used for each tooth.
FPD Cementation
Following tooth preparation and impression taking, an acrylic resin temporary restoration (ALIKE, GC, USA) was made and cemented (TempBond, Kerr, Germany) in all cases. PFM restoration was fabricated in the school laboratory by experienced technicians.
The manufactured frame was tried in after about one week and the final restoration was cemented (resin-modified glass ionomer luting cement, GC Corp, Tokyo, Japan) after about two weeks.
Sensitivity Test
First, the adjacent teeth were protected and isolated by dental gauze. A blind examiner evaluated teeth sensitivity. Tooth hypersensitivity was determined by using the air-water syringe of a dental unit to blow air on the buccal surface of a tooth from a distance of 1 cm for 1 minute. The degree of sensitivity was measured using a McGill visual analog scale (VAS) from 1 to 10. The VAS is a ruler 10 cm in length with the left-side end representing complete painlessness (0) and the right-side end representing the worst pain imaginable. Following stimulation of the tooth with a blast of air, the subjects selected a number on the VAS ruler indicating the degree of pain they experienced. The VAS is considered reliable as the amount of pain in one patient is measured multiple times (at least twice) and the results of each test for that individual compares favorably. The first sensitivity measurement was done before injection and preparation and those teeth which were sensitive were excluded. Abutment teeth sensitivity was measured at five different time points. First, it was assumed that after two hours local anesthesia would lose its effect. Hence, baseline measurement was done 2 hours (before temporary crown cementation) after preparation. Also, tooth sensitivity was measured 7 (frame try in session) days after preparation, just before permanent cementation, after permanent cementation and oneweek post cementation. In the first three time points, tooth sensitivity was measured on the prepared abutment while the temporary crown was not cemented on the tooth.
Statistical Analysis
To compare the rate of sensitivity between three groups, potassium nitrate, and fluoride varnish and control, Kruskal-Wallis test was used. For comparing sensitivity between different times, Friedman statistical test followed by Wilcoxon was used. Statistical analysis was performed by statistical package for social sciences version 21 (SPSS, Chicago, IL) at a significance level of 0.05. The mean VAS score indicating tooth sensitivity in the three groups is presented in Table 2 . Before preparation, all teeth had no sensitivity. Tooth sensitivity was significantly lower in potassium nitrate and fluoride varnish groups compared to control group (p <0.05); except at baseline measurement which all teeth showed high sensitivity, and there was no significant difference between three groups (p = 0.089). Comparison of potassium nitrate and fluoride varnish shows no significant difference between these two groups (p >0.05); except one week after permanent cementation at which potassium nitrate reduced sensitivity more than fluoride varnish (p = 0.023).
Tooth sensitivity was reduced significantly in all three groups just before cementation compared to baseline (p <0.05). In addition, cementation resulted in a reduction of sensitivity as shown by VAS at post-cementation and one week after cementation compared to all pre-cementation phases (p <0.05) (Graph 1).
No correlation was found between patient age and VAS score in three groups at different time points (p >0.05). In addition, the sensitivity reported by men and women was not significantly different (p >0.05).
An accidental finding was the immediate pain after use of fluoride varnish followed by air spray which was not reported in other groups.
dIscussIon
Tooth sensitivity occurs sometimes due to tooth preparation for fix prosthesis, which happens is due to exposure of dentin tubules and would patient discomfort and pain. The aim of the current study was to evaluate the short-term efficacy of fluoride varnish and potassium nitrate in the reduction of crown preparation tooth sensitivity. The results demonstrated that both desensitizing agents could decrease tooth sensiti vity during fabrication of FPD and one week after permanent cementation compared to the control group.
Previously Jalalian et al. 31 demonstrated the effectiveness of potassium nitrate in the reduction of post preparation tooth sensitivity compared to Gluma and control groups during precementation treatment phases. The current study confirmed the results of the previous study with the same methodology and showed that potassium nitrate is also effective in the reduction of post cementation sensitivity. The sensitizing effect of potassium nitrate may be associated with an increase in the concentration of extracellular potassium around the nerve fiber, which affects their depolarization, avoid repolarization and blocks the axonic action. This blocks the passage of nerve stimulus and results in inactivation of its action potential. 16, 32 The average concentration of potassium ions around the nerves is 4 mmol/L. When it rises up to 8 mmol/l or higher, the A beta and A delta and C nerve fibers become depolarized. Complete nerve block occurs at 32 mmol/L potassium ion. When potassium salts are applied on the outer surface of the dentin, potassium ions pass through the tubules to achieve 8 mmol/L or more concentrations in the fluid surrounding the nerves. This increase of potassium ion concentration should remain at this level in order to hold the deactivation of dental nerves continuously. 16, 33 However, potassium nitrate does not occlude dentinal tubules. 2 Desensitizing effect of fluoride differs from potassium nitrate. Fluoride varnish mainly acts by its ability to form calcium fluoride nuclei 34 and, to some extent, by the formation of fluoroapatite, thus blocking the transmission of stimuli to the pulp. 20, 21 In a study done by Shen and Autio-Gold, 35 it was found that after fluoride application, a significant elevation of fluoride level in the whole saliva occurs. Due to the presence of a significant amount of fluoride in saliva, high fluoride uptake in the surface and subsurface layer happens. 36 This might influence the desensitizing features of fluoride.
To the extent of our knowledge, this was the first report compared the efficacy of potassium nitrate and fluoride varnish in the reduction of FPD preparation hypersensitivity and the results showed that none of them had any superiority in decreasing pain and sensitivity before cementation. However, one week after cementation desensitizing effect of potassium nitrate was more prominent than fluoride varnish. In addition, it was noticeable Graph 1: The rate of sensitivity assessed by VAS in three groups at five different time points that following the application of fluoride varnish in some cases, very high sensitivity was reported. It could cause sensitivity and discomfort that is associated with a sharp and long-term pain, which is probably caused by cooling of the tooth due to solvent evaporation. This could be considered as a side effect of fluoride varnish. A solvent such as ethanol influence adhesion properties of varnish and diffusion of fluoride ions into the hydroxylapatite crystal structure. In contrast to the results of the current study, Yadav et al. 37 reported higher dentin hypersensitivity in women compared to men following tooth preparation for FPD. The current study showed no gender difference which might be due to smaller sample size compared to the mentioned study which studied hypersensitivity in 124 subjects.
One of the limitations of the current RCT was short follow-up. However, seven days after cementation of FPD the patients experienced low sensitivity. Although longer follow-ups could result in a further reduction in VAS scores, the difference between groups might not be clinically significant. The other limitation of this study was that the effect of desensitizing materials on the long-term vitality of the tooth was not evaluated. Further studies are necessary to evaluate this effect.
conclusIon
Within the limitations of this study, it could be concluded that potassium nitrate and fluoride varnish could reduce tooth sensitivity following crown preparation. Both materials had relatively similar effects before permanent cementation while potassium nitrate reduced post cementation tooth sensitivity more than fluoride varnish. In addition, minor discomfort was observed in a few patients treated with fluoride varnish.
clInIcAl s I g n I f I c A n c e
Both potassium nitrate and fluoride varnish are capable of desensitizing prepared tooth for the fixed partial denture. In the short term, potassium nitrate can more effectively reduce tooth sensitivity.
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